INTRODUCTION
The digestive tract of fish is a habitat of heterogeneous microflora and is colonized by a high variety and number of microorganisms (Burr et al., 2005) . The existing symbiosis between host and the intestinal microflora is of great significance for all live organisms, including fish (Sugita et al., 1997) . In fish, the gut microbiota is important for digestion of food, protection of fish against the bacterial pathogens and development of immunological response. Impairment in balance of gut microbiota affects the fish health, consequently, the stability and composition of gut microbiota are important (Gómez and Balcázar, 2008) . Composition of fish gut microbiota depends on various influencing factors, including fish species, age, nutritional, genetic factors and environmental conditions of habitat (Gómez and Balcázar, 2008; Floris et al., 2013) . Differences between the composition of intestinal microbiota of marine and freshwater fish were identified and the freshwater fish gut microorganisms were more diverse with the genera Aeromonas, Flavobacterium, Pseudomonas and the family Enterobacteriaceae were found to be dominant (Skrodenyté-Arbačiauskiené, 2008) . Composition of gut microbiota may differ between the individual fish and fish species (González et al., 1999) . Since the gut microbiota consist of various groups of microorganisms of different functional significance, an establishment of balanced gut microflora is essential. The normal indigenous microbiota act competitively and prevent the colonization of gut by pathogens, however, the different other groups of pathogenic microorganisms of fish, animal and human health significance can be found in gut (Austin, 2006) . Thus, the identification and analysis of fish gut microbiota helps not only recognize the composition of fish microflora in different environments, but also to tackle potentially pathogenic microorganisms affecting the fish health. Fish is an important food source and the studies on fish gut microbiota are important for an assessment of fish health and safety of fish for consumption as well (Holben et al., 2002) .
Freshwater fish is a significant part of fish fauna in Latvia and usually the most accessible for fishermen. Of total more than 40 freshwater species represented, roach Rutilus rutilus, perch Perca fluviatilis and bream Blicca bjoerkna were found to be the main species caught by fishermen in inland waters (Birzaks, 2008) . Matrix assisted laser desorption ionization-time of flight mass spectrometry (MALDI-TOF MS) has emerged in the recent years as a reliable and rapid method for identification and characterization of microorganisms. The MALDI-TOF MS has several advantages in comparison with microbiological method in terms of sensitivity and economical aspects, including processing, application and staff costs. The applications of the MALDI-TOF for identification of microorganisms, detection of food-borne pathogens, strain typing, characterization of antibiotic resistance, epidemiological studies etc. were described (Singhal et al., 2015) . The studies on the characterization of freshwater fish microbiota with MALFI-TOF MS are very limited. The aim of the present study was to identify and analyse the freshwater fish gut microbiota with MALDI-TOF MS Biotyper.
MATERIAL AND METHODS

Sampling
Altogether, an amount of 28 freshwater fish were collected in Latvia. Samples included roach (Rutilus rutilus n=15), crucian carp (Carassius carassius, n=5), perch (Perca fluviatilis, n=5) and bream (Blicca bjoerkna, n=3). Samples were obtained from fishermen immediately after angling (n=20) and purchased at retail market (n=8). Fish from retail market were purchased as a whole, ungutted fish. Sampled fish were placed on ice and transported to the laboratory for microbiological testing. Examination of fish was initiated within 2 h after sampling and the gut was aseptically removed from surrounding tissues and used for further investigations.
The aim of the study was to investigate the composition of intestinal microflora of freshwater fish in Latvia. A total amount of 28 fish were collected from fishermen (n=20) and retail outlets (n=8), including roach Rutilus rutilus, n=15, crucian carp Carassius carassius, n=5, perch Perca fluvialitis, n=5, bream Blicca bjoerkna, n=3. Microbiological testing consisted of the detection of total viable count (TPC), Enterobacteriaceae and coliforms with subsequent identification with MALDI-TOF Biotyper. TPC, coliforms and Enterobacteriaceae counts ranged from 2.7±0.4 to 5.4±0.3, 2.4±1.5 to 3.7±0.7 and 2.00±1.2 to 3.7±2.5 log cfu/g in gut of wild crucian carp and retailed roach, wild perch and retailed roach, and crucian carp and bream, accordingly. The TPC, coliforms and Enterobacteriaceae counts were significantly higher in retailed fish than in wild fish gut samples (P≤0.05). Gut microbiota were represented by Proteobacteria (93.0%), Firmicutes (3.9%) and Ascomycota (3.1%). The most abundant families were Enterobacteriacea (50.8%) and Pseudomonadaceae (36.7%). Rahnella aquatilis, Serratia fonticola and Pantoe aagglomerans were the most abundant among Enterobacteriaceae while Pseudomonas extremorientalis and P. fragi among the Pseudomonadaceae. Results of the present study show that the gut of freshwater fish were mostly represented by Enterobacteriaceae and Pseudomonadaceae and the presence of fish bacterial pathogens must be considered.
ARTICLE INFO
Microbiological testing of gut content
For microbiological testing, the total plate count (TPC), Enterobacteriaceae and total coliforms were detected. An amount of 1 g of the gut content was transferred to 9 mL of peptone buffered water (Oxoid, Basingstoke, United Kingdom) and mixed to obtain the initial dilution. The initial dilution was used for the preparation of further serial dilutions. Then, a quantity of 1 mL of the initial and serial dilutions was transferred in sterile Petri dishes and covered with 15 mL of molten Plate Count Agar (PCA) for TPC, Violet Red Bile Glucose Agar (VRBGA) for Enterobacteriaceae and Violet Red Bile Lactose Agar (VRBLA) for total coliforms (Oxoid). After inoculation, the PCA plates were incubated at 30°C for 72h, but VRBGA and VRBLA at 37°C for 24h with evaluation of bacterial growth after incubation. All colonies were counted on PCA, while the typical Enterobacteriaceae and coliform colonies were enumerated on VRBGA and VRBLA. Altogether, one to twenty five colonies were selected from the each plate for further confirmation with MALDI-TOF.
Identification of bacteria with MALDI-TOF MS Biotyper
Altogether, 128 microbial colonies were used for confirmation and the colonies were picked up from agar, suspended in 300 μl of sterile distilled water and mixed thoroughly. Then, an amount of 900 μL of absolute ethanol (99%, SigmaAldrich, USA) was added. The mixture was centrifuged at 13 000 x g for 2 min. Later, the supernatant was removed and the pellet was centrifuged. Residual ethanol was completely removed by pipetting and the pellet was allowed to dry at a room temperature. Subsequently, an amount of 10 μL of formic acid (70%, Sigma-Aldrich, USA) was added to the pellet and mixed with a sterile toothpick. Next, a 10 μL of acetonitrile (100%, Sigma-Aldrich, USA) was added and mixed thoroughly. The solution was centrifuged at maximum speed for 2 min and 1 μL of the supernatant was spotted on a polished MALDI target plate (Bruker Daltonics, Germany). Immediately after drying a 1 μL of the matrix solution was added to each spot and allowed to air dry. The matrix used was a saturated solution of HCCA: α-cyano-4-hydroxycinnamic acid (Bruker Daltonics, Germany) dissolved in 50 % acetonitrile with 0.025 % trifluoroacetic acid (TFA) (100%, Sigma-Aldrich, USA). The matrix solution preparation (2.5 mg of HCCA) contains 500 µL of acetonitrile, 475 µL of ultrapure water and 25 µL of trifluoroacetic acid. An amount of 250 µL of the solution was added to the 2.5 mg of HCCA. Samples were processed in the MALDI-TOF MS (Microflex LT/SH, Bruker Daltonics, Germany) with flex Control software and results were obtained with Realtime Classification software (RTC) (Bruker Daltonics, Germany) (Kačániová et al., 2019) .
Statistical analyses
All bacterial counts were transferred into a decimal log. The One-Way ANOVA test was used for calculation of significance of differences between bacterial counts in different fish species.
RESULTS
Total plate count (TPC) ranged from 2.7±0.5 to 5.4±0.3 log cfu/g in the gut of wild crucian carp and retailed roach, respectively. Coliform counts were from 2.4±1.5 to 3.7±0.7 log cfu.g -1 in wild perch and retailed roach, but Enterobacteriaceae from 2.00±1.2 to 3.7±2.5 log cfu.g -1 in the gut of crucian carp and bream, accordingly ( Table 1 ). The TPC, coliforms and Enterobacteriaceae counts were significantly higher in retailed fish gut than in wild fish gut samples (P≤0.05), while the significant differences between the bacterial counts of retailed fish were not identified (P≥0.05). 3.72±2.49 a differences between TPC in wild roach and crucian carp were significant (P<0.05), while there were no significant differences between TPC in retailed roach and bream gut (P>0.05) b differences in coliform counts were not significant between wild (roach, crucian carp, perch) and retailed fish (roach, bream) (P>0.05) c differences in Enterobacteriaceae counts between wild (roach, crucian carp, perch) and retailed fish (roach, bream) were significant (P<0.05)
The most abundant microbial phylum of fish gut was Proteobacteria (93.0%) followed by Firmicutes (3.9%) and Ascomycota (3.1%). The most abundant microbial families were Enterobacteriaceae (50.8%) and Pseudomonadaceae (36.7%) while the less abundant were Bacillaceae, Lactobacillaceae, Peptostreptococcaceae, Sphingomonadaceae and Xanthobactereaceae (0.8% each). Enterobacteriaceae was the predominant in gut of the wild roach (57.4%), crucian carp (50%), but there were no differences between the abundance of Enterobacteriaceae and Pseudomonadaceae in retailed roach and perch intestinal samples (P>0.05). The families Aeromonadaceae and Clostridiaceae were the most abundant in bream gut (33.3% each) ( Table 2 ). The most diverse microbiota were recovered from the wild roach gut, but the less diverse from retailed roach gut with six and two phyla were identified, respectively. 
0) 1 (7.6) 0 (0) Saccharomycetaceae 1.6 (0) 0 (0) 2 (5.9) 1 (7.6) 0 (0) Total 61 (100) 14 (100) 34 (100) 13 (100) 6 (100)
Among the Enterobacteriaceae, the most abundant bacterial species were Rahnella aquatilis (17 isolates), Serratia fonticola (9 isolates) and Pantoea aagglomerans (8 isolates). Beside the Pseudomonadaceae, Pseudomonas extremorientalis and P. fragi were the most abundant (6 isolates). Rahnella aquatilis and Providencia heimbachae were the most abundant Enterobacteriaceae in wild (19.67%) and retail roach gut (21.43%), respectively.
Pantoea agglomerans and Rahnella aquatilis were the most abundant in crucian carp gut (29.4%) but Enterobacter cloacae and Enterobacter amnigenus in perch and bream gut (40%) and one isolate (100%), respectively (Table 3) . (100) 14 (100) 34 (100) 13 (100) 6 (100)
DISCUSSION
The TPC, Enterobacteriaceae and coliform counts identified in the present study were in agreement with the previously reported (Navarrete et al., 2010; Wu et al., 2010; Floris, 2013; Kluga et al., 2017). The bacterial counts in gut depend on environmental factors, water and feed quality and diet. Bacterial counts can vary between the individual fish but, in general, the gut is inhabited by a large number of microorganisms (Spanggaard et al., 2000) . Bacterial counts in retailed fish were higher than in freshly caught fish that could be attributable to storage on ice before the sale, as it is known the bacteria may proliferate during the storage and impair quality of the fish product (Al Bulushi et al., 2008) . Our results on the bacterial counts of freshly caught freshwater fish correspond to findings in fish gut originated from cold and relatively unpolluted waters (González et al., 1999) .
A phylum Proteobacteria was found to be predominating in gut of all studies freshwater fish species. Bacteria representing the Proteobacteria and the Firmicutes phylum were frequently reported to be present in fish gut. Proteobacteria was the predominated phylum in the gut of yellow catfish . The results of our study support the observation that Proteobacteria were prevalent in the gut of freshwater fish (Kashinskaya et al., 2015) . Enterobacteriaceae family was predominated in the gut of wild roach and crucian carp, while there were no differences between the abundance of Enterobacteriaceae and Pseudomonas in the gut of retailed roach, bream and perch. In general, our findings are in line with the previously reported and Enterobacteriaceae was found to be predominated in freshwater salmon (Salmo salar) and sea trout (Salmo trutta trutta) (Skrodenyté-Arbačiauskiené et al.,
2008).
Enterobacteriaceae and Pseudomonas were found to be the most abundant in the gut of roach (Rutilus rutilus) (Skrodenyté-Arbačiauskiené, 2007 (Kozińska, 2007) . Abovementioned bacteria and particularly Y. ruckeri may result in fish diseases with high mortality and attributed significant economic losses, therefore, the presence of those pathogens must be taken into consideration. The pathogenic microorganisms were isolated both from retail and wild fish, indicating the circulation of the pathogenic microorganisms in the environment and aquaculture. 
CONCLUSION
In conclusion, the present study confirms the predominance of Enterobacteriaceae and Pseudomonadaceae in of the gut freshwater fish. The composition of microbiota may alter the fish health alongside with the quality and safety of fish meat and fish products. The fish intestinal tract may serve as a habitat for microorganisms with fish and public health significance, therefore the results of present study indicate that fish may be an important vector for transmission of potentially pathogenic microorganisms for fish and fish consumers.
